Background: To conduct a systematic review and network meta-analysis of randomized controlled trials (RCTs) with the aims of comparing relevant clinical outcomes (that is, visual analog scores (VAS), total and sub-Western Ontario and McMaster Universities Osteoarthritis index (WOMAC) scores, Lequesne algofunctional index, joint space width change, and adverse events) between diacerein, glucosamine, and placebo.
Background
Osteoarthritis (OA) is the most common chronic joint disease of the older patient. The primarily affected joints are the knee and hip. The progression of the disease is influential on quality of life. This included functional and social activities, body image, and emotional well-being. In non-operative treatment, pain reduction and improved function are the primary goals. Management of mild degree OA of the knee mainly consists of medical treatment and lifestyle modifications. Non-steroidal antiinflammatory drugs (NSAIDs) are the most commonly prescribed agents for pain management, but they increase the risk of gastrointestinal (GI) bleeding and vascular adverse events [1, 2] . Therefore, second-line drugs such as symptomatic slow-acting drugs for OA (SYSA-DOA) which include glucosamine sulfate, glucosamine hydrochloride, chondroitin sulfate, hyaluronic acid, avocado soybean unsaponifiables (ASU), and diacerein are more commonly used. These drugs may improve patient symptoms as well as reduce cartilage degradation [3, 4] , also having decreased occurrence of GI adverse events when compared to NSAIDs. Two drugs are recommended by the European League Against Rheumatism guidelines 2003. These include an interleukin-1 (IL-1B) inhibitor (diacerein) and glucosamine. However, these drugs have a slow onset and a prolonged residual effect. The diacerein and glucosamine groups have the greatest amount of randomized controlled trial (RCT) studies and meta-analysis when compared to all other SYSA-DOA. The results of all the studies show that diacerein and glucosamine improve symptoms and decrease structural progression in OA of the knee when compared to NSAIDs and placebo. Previous systematic reviews [3] [4] [5] [6] have shown that diacerein had higher efficacy in reducing pain and Lequesne index, but increased risk of diarrhea when compared to placebo [4, 6] . Similar effects were observed in systematic reviews of the efficacy of glucosamine, which showed a significant reduction in pain when compared to placebo but no effect on minimal joint space narrowing or adverse events [3, 5] . However, no RCTs directly compared the clinical efficacy and safety of diacerein with glucosamine. We therefore conducted a systematic review with a network meta-analysis of RCTs with the aim of comparing relevant clinical outcomes (that is, visual analog score, Western Ontario and McMaster Universities Osteoarthritis index (WOMAC) score, Lequesne algofunctional index, joint space width change, and adverse events) between diacerein, glucosamine, NSAIDs, and placebo. The main outcomes that were focused on in this study included pain, functional assessment, joint space width change, and safety issues of the medications.
Methods

Search strategy
The Medline and Scopus databases were used to identify relevant studies published in English from the date of inception to 29 August 2014. The PubMed and Scopus search engines were used to locate studies using the following search terms: (osteoarthritis, degenerative arthritis, adult, older person), (symptomatic slow acting drug for osteoarthritis; SYSADOA, diacerein, glucosamine), (pain, function, score, grade, WOMAC, Knee Society Score (KSS), motion, radiographic grading, X-ray, MRI, Kellgren-Lawrence), (clinical trial, RCT, randomized controlled trial). Search strategies for Medline and Scopus are described in Additional file 1. Relevant studies from the reference lists of identified studies and previous systematic reviews were also explored.
Selection of studies
Identified studies were selected by one author (J.K.) and randomly checked by A.T. Titles and abstracts were initially screened; full papers were then retrieved if a decision could not be made from the abstracts. The reasons for ineligibility or exclusion of studies were recorded and described (Figure 1 ).
Inclusion criteria
Randomized controlled trials or quasi-experimental designs comparing clinical outcomes between treatments in primary OA patients' knee were eligible if they met the following criteria:
-Compared clinical outcomes between glucosamine (either glucosamine sulfate or glucosamine hydrochloride) and diacerein, or each of these treatments with other comparators (for example, placebo, non-steroidal anti-inflammatory drugs). -Compared at least one of the following outcomes:
pain score, function, patient/physician global assessments, range of motion, joint space width difference, and adverse events. -Had sufficient data to extract and pool: reported mean, standard deviation (SD), numbers of subjects according to treatments for continuous outcomes, and number of patients according to treatment for dichotomous outcomes.
Data extraction
Two reviewers (J.K. and T.A.) independently performed data extraction using standardized data extraction forms. General characteristics of the study (mean age, gender, body mass index, duration of OA, pain score, and functional scores at baseline) were extracted. The number of subjects, mean, and SD of continuous outcomes (pain by visual analog score (VAS), total and sub-WOMAC scores, and Lequesne algofunctional index) between the groups were extracted. Cross-tabulated frequencies between treatments and adverse events were also extracted. Any disagreements were resolved by discussion and consensus with a third party (A.T.).
Risk of bias assessment
Two authors (J.K. and T.A.) independently assessed risk of bias for each study. Six study quality domains were considered, including sequence generation, allocation concealment, blinding (participant, personnel, and outcome assessors), incomplete outcome data, selective outcome reporting, and other sources of bias [7] . Disagreements between two authors were resolved by consensus and discussion with a third party (A.T.).
Outcomes
The outcome of interests were pain VAS, total and sub-WOMAC scores (pain, stiffness, and function), Lequesne algofunctional index, joint space width (minimum), and adverse events. Methods of measure for these outcomes were used according to the original studies. Briefly, this includes the VAS pain scale from 0 to 10; the WOMAC score that consists of pain (0 to 20), stiffness (0 to 8), and function (0 to 68) with total scores of 0 to 96 [8] . The Lequesne algofunctional index measured pain (0 to 10), maximum distance walked (0 to 6), and activities of daily living (0 to 8) with total scores of 0 to 24 [9, 8] . For joint space width change, lower values of these scores refer to better outcomes. Adverse events were considered as composite and separate outcomes of the following: a musculoskeletal disorder, respiratory disorder, genitourinary tract disorder or central nervous system disorder, and GI adverse effects.
Statistical analysis
Direct comparisons of continuous outcomes were measured at the end of each study between glucosamine versus placebo and diacerein versus placebo and were then pooled using an unstandardized mean difference (UMD). Heterogeneity of the mean difference across studies was checked using the Q statistic, and the degree was quantified using the I 2 statistic. If heterogeneity was present (P value <0.10 or the I 2 > 25%), the UMD was estimated using a random effects model; otherwise, a fixed-effects model was applied.
For dichotomous outcomes, a relative risk (RR) of adverse reactions of treatment comparisons at the end of each study was estimated and pooled. Heterogeneity was assessed using the same method as mentioned previously. If heterogeneity was present, the DerSimonian and Laird method [10] was applied for pooling; otherwise, the fixedeffects model by inverse variance method was applied. Meta-regression was applied to explore the source of heterogeneity (for example, mean age, percentage of females, bone mass index (BMI), Kellgren-Lawrence grading, duration of OA) if data was available. Publication bias was assessed using contour-enhanced funnel plots [11, 12] and Egger tests [13] .
For indirect comparisons, network meta-analyses were applied to assess all possible effects of treatment measured at different times if summary data were available for pooling [14] [15] [16] . A linear regression model weighted by inverse variance was applied to assess the treatment effects with adjustment for study effects and time for continuous outcomes. For adverse events, a mixed-effect Poisson regression was applied to assess treatment effects [15] . Summary data was expanded to individual patient data using the "expand" command in STATA. Treatment was considered as a fixed-effect, whereas the study variable was considered as a random-effect in a mixed-effect model. The pooled RR and its 95% confidence intervals (CIs) were estimated by exponential coefficients of treatments. All analyses were performed using STATA version 12.0 [17] . A P value <0.05 was considered statistically significant, except for the test of heterogeneity where P value < 0.10 was used.
Results
Among 505 identified studies and 2 referred studies, 31 studies were eligible for data extraction. Reasons for ineligibility are described in Figure 1 . Characteristics of the 31 studies [46] [47] [48] 45] are described in Table 1 .
Among 23 glucosamine studies [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [1] [2] [3] [4] , the comparators included placebo, NSAIDs, and both placebo and NSAIDS in 17 studies [39,30,29,33,43,31,42,41,32 ,38,26,27,35,37,4,1,2] , 4 studies [40, 36, 34, 48, 28] , and 2 studies [28, 44] , respectively. All studies used glucosamine sulfate, except for one study [31] which used glucosamine hydrochloride. Among eight diacerein studies, five studies [21, 23, 19, 22, 18] , two studies [25, 20] , and 1 study [21] had comparators as placebo, NSAIDs, and both NSAIDs and placebo, respectively. Most studies (24/27) included OA of the knee and the rest were OA of the hip. Mean age, body mass index (BMI), and duration of OA varied from 42 to 69 years, 24.0 to 32.6 kg/m 2 , and 1.6 to 13 years, respectively. Percentage of females in each study ranged from 5.1% to 88%. Duration of treatment ranged from 4 weeks to 3 years. Various outcomes were compared between the treatment groups ( Figure 1 ).
Risk of bias in included studies
Risk of bias assessment is described in Additional file 2.
Direct comparisons
Data used for direct comparisons for all treatments and outcomes were measured at the end of each study, as described in Table 1 . Pooling according to outcomes was performed if there were at least two studies for each comparison, as clearly described below.
Visual analog score
Among eight studies [25, 39, 34, 21, 23, 40, 42, 47] , five studies compared glucosamine pain VAS with comparators of placebo [39, 42, 2] and NSAIDs [34, 40] , respectively. Three studies compared diacerein with placebo [21, 23] and NSAIDs [25] . Most studies assessed pain using the VAS at 4 weeks to 3 years. Data for the mean and SD of VAS scores are described in Additional file 3. The mean VAS was −0.90 (95% CI: −1.67, −0.14) units significantly lower in glucosamine than in NSAIDs ( Table 2 ). The mean VAS score was about −1.44 (95% CI: −3.01, 0.12) units lower in glucosamine than in placebo, but this was not significant. The pooled effects of diacerein versus placebo from three studies (n = 103 vs. 98) displayed no heterogeneity (I 2 = 0%) with an UMD of −2.23 (95% CI: −2.82, −1.64). The effect of diacerein versus NSAIDs was not statistically different with an UMD of 0.149 (95% CI: −0.29, 0.59). There was no evidence of publication bias for both pooled effect estimates.
WOMAC score
As described in Table 2 , the total WOMAC scores were compared as change from baseline and the actual scores measured at the end of each study. Among six studies [38, 27, 35, 30, 29, 33] with total WOMAC score changes, the effects displayed no heterogeneity (I 2 = 0%) with an UMD of −2.49 (95% CI: −4.14, −0.83). The actual total WOMAC scores from two studies [31, 29] were not statistically significant with an UMD of 5.67 (95% CI: −11.26, 22.61). The actual total WOMAC scores and change in sub-WOMAC scores (pain, stiffness, and function) were also compared (Table 2) . Compared with placebo, glucosamine resulted in a significantly greater change in WOMAC pain scores with an UMD of −0.75 (95% CI: −1.18, −0.32). In addition, mean functional and stiffness WOMAC scores were significantly lower in the diacerein groups when compared to the NSAIDs and placebo groups (6.64 (95% CI: −10.50, −2.78) and −0.68 (95% CI: −1.20, −0.16)).
Lequesne score and joint space width
Only glucosamine resulted in a significantly greater change of Lequesne score when compared to placebo (UMD = −1.030 (95% CI: −1.34, −0.72)) ( Table 2) . 6.32) . The regression analysis suggested that all active treatments resulted in a significant difference in VAS score when compared to placebo (Table 3) . Multiple comparisons suggested no difference in effects between active treatments (Figure 2 ).
Total WOMAC score
Data from four studies [31, 29, 20, 22] were included in pooling of indirect comparisons of the actual total WOMAC scores (Additional file 4). The mean total WOMAC scores were lower in the diacerein and NSAID groups, but higher in glucosamine compared to placebo, but this was not statistically significant (Table 3) . Multiple comparisons suggested no difference in effects between active treatments.
Pain WOMAC score
Data from six studies [31, 28, 29, 20, 22, 4] were included in the network meta-analysis of pain WOMAC scores (Additional file 4). Fitting the regression analysis using placebo as the reference suggested that pain WOMAC scores were lower in both the diacerein and NSAIDs groups. In contrast, the pain score was higher in the glucosamine group compared with placebo, but this was not statistically significant (Table 3) . 
Function WOMAC score
Data from eight studies [20, 22, 18, 31, 28, 29, 4, 25] were included in pooling of indirect comparisons of WOMAC function scores (Additional file 4). The regression analysis suggested that mean WOMAC function scores of diacerein, NSAIDs, and glucosamine were lower than placebo, but these results were not statistically significant (Table 3 ). Multiple comparisons indicated that diacerein and NSAIDs resulted in lower scores than glucosamine, but these results also were not statistically significant.
Stiffness WOMAC score
Data from six studies [20, 22, 18, 31, 28, 29] were included in pooling of indirect comparisons of the WOMAC stiffness scores (Additional file 4). The regression analysis suggested that mean WOMAC stiffness scores were lower in diacerein, NSAIDs, and glucosamine groups when compared to placebo (Table 3 ). There was no significant difference between the three active treatments.
Lequesne algofunctional score change
Three studies [21, 36, 37] compared mean changes of Lequesne scores after receiving treatments at 4 to 24 weeks (Additional file 4). The regression analysis suggested that mean Lequesne change in the glucosamine group was lower than the placebo group. There was no significant difference between the glucosamine and diacerein groups.
Joint space width difference
Data from five studies [33, 38, 43, 41, 19] were used for the network meta-analysis of joint space width change. Change of joint space width after receiving glucosamine and diacerein had no statistically significant difference when compared to placebo (Table 3) . Multiple comparisons indicated that diacerein was superior to glucosamine at −0.2 mm (95% CI: −0.27, −0.14).
Adverse events
Sixteen studies [39,37,31,42,41,32,38,26,27,35,28,30,29 ,43,47,48] (Table 3) . Considering only GI adverse events showed similar results to overall adverse events.
Discussion
This review compared effects of glucosamine, diacerein, NSAIDs, and placebo for the treatment of osteoarthritis of the knee. Relevant clinical outcomes that were pooled included VAS pain score, total and sub-WOMAC scores, joint space width, and adverse events. The second-line drugs for OA knee in the SYSADOA group include glucosamine sulfate, glucosamine hydrochloride, chondroitin sulfate, hyaluronic acid, ASU, and diacerein. This study included both glucosamine sulfate and glucosamine hydrochloride because the results of previous meta-analysis of both preparations show that they have no statistically significant difference [49] . Chondroitin sulfate [50] [51] [52] , hyaluronic acid [53] , and ASU [54] were not included in this review because there were too few studies to pooled outcomes with network meta-analysis.
The clinical results of our study were consistent to previous meta-analyses [6, 4, 5, 3] in which glucosamine and diacerein statistically improved pain scores (VAS and WOMAC) and function scores (WOMAC) when compared to placebo. However, we have added more evidence of multiple active treatment comparisons. There were no statistically significant differences between the three groups in pain VAS, total WOMAC, sub-WOMAC scores, and Lequesne functional scores. Although glucosamine showed greater improvement in joint space width when compared to diacerein, glucosamine and diacerein did not show a clinically relevant effect in joint space narrowing when compared to placebo. Both glucosamine and diacerein increased risk of adverse events when compared with placebo. However, glucosamine had a lower risk of adverse events when compared to diacerein. In the subgroup of gastrointestinal adverse events, patients who took diacerein had an approximately 86.9% and 99.6% increased risk of GI adverse events when compared to glucosamine and placebo, respectively. Glucosamine and diacerein can reduce pain VAS and improve function (WOMAC). Glucosamine and diacerein showed no differences in adverse effects when compared to NSAIDs.
In conclusion, this study demonstrated that either glucosamine or diacerein can be selected for the treatment of pain associated with knee osteoarthritis. Diacerein has a higher risk of adverse GI events when compared to glucosamine. Both glucosamine and diacerein cannot decrease risk of adverse effects, and they both do not have a clinically relevant effect in delaying progression of joint space narrowing in OA of the knee.
The small number of studies that evaluated each particular pair of treatments limits performing a direct meta-analysis. A network meta-analysis circumvents this problem by creating indirect comparisons between active treatments that can identify the most effective therapy. In this case, diacerein was the best therapy for improvement of pain VAS scores. Glucosamine is the best therapy in terms of having less adverse effects when compared to diacerein but not when compared to placebo controls. None of the RCTs had compared combined treatments with an active control.
The strengths of this study were that a network metaanalysis was applied to increase the power of the tests and reduce type I errors [14] [15] [16] . We applied a regression model taking into account study effects to assess treatment effects. The network meta-analysis "borrows" treatment information from other studies and increases the total sample size. As a result, treatment effects that could not be detected in direct meta-analysis could be identified. All possible treatment comparisons are mapped and displayed (Additional file 6). Although our pooled estimates were heterogeneous, the regression model with cluster effect takes into account variations at the study level.
None of RCTs compared dual therapy with monotherapy of SYSADOA. In relation to the SYSADOA mechanism, diacerein inhibits IL-1b effects and reduces synthesis of cartilage-specific macromolecules. In addition, diacerein also decreases IL-1b-stimulated secretion of metalloproteinases and aggrecanases, thereby preventing breakdown of cartilage by these enzymes [55] . Glucosamine, an amino sugar, is a building block of the glycosaminoglycan, which is a part of the cartilage structure. The SYSADOA group should be able to support effects of each other and may yield better clinical improvement than monotherapy. Further RCTs that compare dual vs. monotherapy SYSADOA are necessary to determine if this may enhance treatment effects.
Conclusions
This investigation demonstrates the potency of diacerein and glucosamine in the treatment of osteoarthritis of the 5.58* 2.2* Figure 3 Network meta-analysis of treatment effect on drug adverse effect.
